Export and secretion of the lipoprotein pullulanase by Klebsiella pneumoniae.
Pullulanase, a secreted lipoprotein of Klebsiella pneumoniae, is initially localized to the outer face of the outer membrane, as shown by protease and substrate accessibility and by immunofluorescence tests. Freeze-thaw disruption of these cells released both membrane-associated and apparently soluble forms of pullulanase. Membrane-associated pullulanase co-fractionated with authentic outer membrane vesicles upon isopycnic sucrose-gradient centrifugation, whereas the quasi-soluble form had the same equilibrium density as inner membrane vesicles and extracellular pullulanase aggregates. The latter also contained outer membrane maltoporin, but were largely devoid of other membrane components including LPS and lipids. K. pneumoniae carrying multiple copies of the pullulanase structural gene (pulA) produced increased amounts of cell-associated and secreted pullulanase, but a large proportion of the enzyme was neither exposed on the cell surface nor released into the medium, even after prolonged incubation. This suggests that factors necessary for pullulanase secretion were saturated by the over-produced pullulanase. When pulA was expressed under lacZ promotor control, the pullulanase which was produced was not exposed on the cell surface at any time, suggesting that pullulanase secretion genes are not expressed constitutively, and raising the possibility that they, like pulA, may be part of the maltose regulon.